Galaxy mergers play an important role in the growth of galaxies and their supermassive black holes. Simulations suggest that tidal interactions could enhance black hole accretion, which can be tested by the fraction of binary active galactic nuclei (AGNs) among galaxy mergers. But determining the fraction requires a statistical sample of binaries. We have identified kpc-scale binary AGNs directly from high-resolution radio imaging. Inside the 92 deg 2 covered by the high-resolution Very Large Array survey of the Sloan Digital Sky Survey (SDSS) Stripe 82 field, we identified 22 grade A and 30 grade B candidates of binary radio AGNs with angular separations less than 5 ′′ (10 kpc at z = 0.1). Eight of the candidates have optical spectra for both components from the SDSS spectroscopic surveys and our Keck program. Two grade B candidates are projected pairs, but the remaining six candidates are all compelling cases of binary AGNs based on either emission line ratios or the excess in radio power compared to the Hα-traced star formation rate. Only two of the six binaries were previously discovered by an optical spectroscopic search. Based on these results, we estimate that ∼60% of our binary candidates would be confirmed once we obtain complete spectroscopic information. We conclude that wide-area high-resolution radio surveys offer an efficient method to identify large samples of binary AGNs. These radio-selected binary AGNs complement binaries identified at other wavelengths and are useful for understanding the triggering mechanisms of black hole accretion.
INTRODUCTION
As it became increasingly clear that most galactic nuclei should host supermassive black holes (e.g. Kormendy & Richstone 1995) , it was expected that binary supermassive black holes (SMBHs) should be discovered as a common byproduct of merging galaxies and that they should produce distinct signatures as a function of wavelength and separation (e.g. Begelman et al. 1980 ). Arguments based on hydrodynamical N-body simulations, coupled with relativistic considerations, suggest that merging galaxies could trigger a range of outcomes for SMBH pairs (e.g. Milosavljević & Merritt 2001; Milosavljevic & Merritt 2003; Escala et al. 2004; Madau & Quataert 2004) . Consequently, the exact demise of the majority of SMBH pairs remains a complex problem with few strong observational constraints (e.g. Berczik et al. 2006; Bonning et al. 2007; Dotti et al. 2007; Baker et al. 2008; Berentzen et al. 2009 ).
Identifying inactive binary SMBHs separated by a few parsecs is a difficult observational task. A less taxing approach is to detect pairs of Active Galactic Nuclei (AGN) on kiloparsec scales, so-called "dual" or "binary" AGN. As dynamical models of active black holes in merging galaxies become more sophisticated, observations of binary AGN are becoming critical in order to establish the starting condi-tions for such models (see, e.g. Van Wassenhove et al. 2012; Blecha 2012; Blecha et al. 2013; Colpi 2014) . Models that follow binary AGN in merging galaxies below kiloparsec scales help to set the boundary conditions for models of binary SMBH coalescence, which in turn inform the instrumental characteristics for gravitational wave experiments (e.g. Peters 1964; Scheel et al. 2009; Dotti et al. 2012; Sesana 2013 ) such as PTAs (Pulsar Timing Arrays, e.g. Hobbs et al. 2012; Tanaka & Haiman 2013; Ravi et al. 2014) .
Quite a few kpc-scale binary AGNs have now been discovered using a range of multi-wavelength imaging techniques (e.g. Junkkarinen et al. 2001; Komossa et al. 2003; Bianchi et al. 2008; Koss et al. 2011; Fabbiano et al. 2011) . In particular, a large number of moderate-resolution optical spectra of z ≤ 1 AGNs were surveyed by the Sloan Digital Sky Survey (SDSS; York et al. 2000; Schneider et al. 2010 ) and DEEP2 Galaxy Redshift Survey (Newman et al. 2013 ). This triggered a boom in the study of pairs of SMBHs by prompting compilations of AGN spectra with doublepeaked [O III] emission (Gerke et al. 2007; Comerford et al. 2009; Wang et al. 2009; Smith et al. 2010; Liu et al. 2010) . A small fraction (∼2%) of these spectra may represent Dopplershifted emission lines from pairs of AGNs with transverse separations of ∼0.1-10 kpc (e.g. Shen et al. 2011; Fu et al. 2012) . But, for the majority of these sources, care must be taken to distinguish genuine kpc-scale dual AGN from other phenomena such as gas outflows.
The heterogeneous techniques that have been used to detect binary AGN, coupled with the alternate phenomena that can describe double-peaked spectral emission lines, implies that significant progress in this field will require a statistical sample of binary AGNs with well-understood selection biases. The most direct way to search for binary AGNs is to use galaxy mergers identified with optical or near-infrared (IR) images. But, the vast majority of such mergers are expected to contain either inactive or single AGNs. So, the addition of high-resolution radio or X-ray imaging, or spatially resolved Single Lobe Figure 1 . Examples of contaminants: (a) singles, and (b) lobes. Background are SDSS gri color images generated from the depth-optimized coadds (Jiang et al. 2014) . Blue contours are 1.4 GHz images from the VLAStripe82 survey (Hodge et al. 2011) . The lowest contour is at 2σ and the levels increase exponentially to the peak value of each map. Red squares and diamonds indicate the optical counterparts of the radio sources. All images are 26 ′′ on a side, and the major tickmarks are spaced in 5 ′′ intervals. N is up and E is to the left.
spectroscopy, is necessary to truly identify and characterize two active components in such mergers. This work is motived by the discovery of SDSS J150243.1+111557, a double-peaked [O III] AGN at z = 0.39 that we confirmed as a binary AGN with high-resolution multi-frequency radio images from the Very Large Array (VLA; Fu et al. 2011) , the European VLBI Network (EVN; Deane et al. 2014) , and the Very Long Baseline Array (VLBA; Wrobel et al. 2014) . In fact, radio emission is known to trace AGN activity since the first AGNs were discovered (i.e., Quasars; Sandage & Matthews 1961; Schmidt 1963) . Moreover, one of the first binary AGNs was discovered because of its double radio cores and jets -3C 75 at the center of Abell 400 (Owen et al. 1985; Beers et al. 1992; Hudson et al. 2006) , and the first parsec-scale binary SMBH (0402+379) was discovered in the radio (Maness et al. 2004; Rodriguez et al. 2006) . So one could search for binary AGNs directly with radio images. But the rarity of binary AGNs requires that we have a large sky coverage. Fortunately, high-resolution radio maps have already been obtained by the VLA for a large patch of the sky. Here we conducted a systematic search of binary AGNs based on the wide-area high-resolution VLA survey of the SDSS Stripe 82 field (Hodge et al. 2011 ).
Throughout we adopt the AB magnitude system and the WMAP 7-year concordance ΛCDM cosmology with Ω b = 0.0455, Ω m = 0.27, Ω Λ = 0.73, H 0 = 70 km s −1 Mpc −1 (Komatsu et al. 2011 ).
2. IMAGING DATA AND PAIR SELECTION The Sloan Digital Sky Survey (SDSS) Stripe 82 area is a narrow equatorial stripe in the south Galactic cap. It covers a continuous ∼300 deg 2 field centered on the vernal equinox with 20 hr < R.A. < 4 hr and −1.26
• < Dec < +1.26
• . This area has been repeatedly scanned 70−90 times by the SDSS imaging survey, resulting in ∼2 mag deeper data than the best SDSS single-epoch data. Jiang et al. (2014) released the latest depth-optimized co-added SDSS ugriz images and SExtractor (Bertin & Arnouts 1996) source catalogs of Stripe 82. The average 5σ point-source detection limits of the co-added ugriz images are respectively 23.9, 25.1, 24.6, 24.1, and 22.8 AB, and the average point-spread function (PSF) FWHM is ∼1
′′ . These co-adds show significant improvement in depth and im- age quality over the earlier co-adds of Annis et al. (2011) . About a third of the Stripe 82 area has been mapped by the VLA at 1.4 GHz in its most extended configurations between 2007 and 2009 (Hodge et al. 2011) . The VLA-Stripe82 survey covers a total area of ∼92 deg 2 over two separate fields within Stripe 82: (1) 22.1 hr < R.A. < 23.3 hr and −1.2
• , and (2) 0.6 hr < R.A. < 2.4 hr and −1.2
• . The VLA survey has an angular resolution of 1.8 ′′ and a median rms noise of 52 µJy beam −1 . In comparison, the FIRST survey (Becker et al. 1995 ) has a typical resolution of 5 ′′ and a median rms noise of 150 µJy beam −1 . The improved depth and resolution of the VLA-Stripe82 survey make it ideal for searches of binary radio AGNs.
We begin by identifying the optical counterparts of the 17,969 discrete radio sources in the VLA-Stripe82 catalog. We use both the co-added catalogs of Jiang et al. (2014) and the SDSS DR10 photometric catalog (Ahn et al. 2014) . Considering (1) the resolution of the radio image, (2) the relative uncertainty in the astrometry between radio and optical data, and (3) source deblending errors due to complex radio morphologies, we decide to adopt a conservative matching radius of 1.8 ′′ , which equals the FWHM of the synthesized beam of the radio map. The catalogs of the co-added SDSS images are not band-matched, so each band has different source lists. To include cases where the optical counterparts in a pair have very different colors, we consider a radio source to have an optical ID if an optical source is found within the matching radius in any of the five SDSS bands. We avoid cases where multiple radio sources share the same optical counterpart by associating the optical source with the closest radio source only. We identified optical counterparts for 11,203 (62%) radio sources.
We then search for radio pairs with angular separations less than 5 ′′ . We choose such a small separation because (1) we are mainly interested in kpc-scale binaries (5 ′′ = 10 kpc at z = 0.11) and (2) to reduce contamination from projected pairs (since we only have limited spectroscopic redshifts for the radio sources, see § 3). We also require both radio sources in a pair to have optical IDs to reduce contamination by extended radio sources such as multiple hotspots/jets emergent from the same radio galaxy. Considering the surface density of radio sources with optical counterparts is ∼122 deg −2 in the VLA-Stripe82 survey, the probability that two random radio sources are within 5 ′′ is only 0.074%. Over the entire area of the survey, we would therefore expect to find only ∼8 pairs by chance. In contrast, we find 134 such pairs. Because some sources belong to multiple pairs, these pairs contain 261 radio sources. Note that the separations between the optical IDs may be greater than 5 ′′ because of the adopted 1.8 ′′ matching radius.
Next, we examine the optical and radio images of these pairs to remove the following clear contaminants (see Fig. 1 for examples):
Singles: A single optical source is assigned to two separate radio sources due to cross-band astrometry errors; this problem is particularly significant for faint sources. Or, one of the optical IDs is a spurious source, e.g., because of nearby bright stars, over-deblending, or edge effects (35 cases).
Lobes: Optical sources projected in extended radio lobes of a nearby radio galaxy. Based on the mean source density in the SDSS co-adds (∼16 arcmin −2 at r < 24.6), we expect a background density of ∼6 arcmin −2 for random optical pairs with separations less than 5 ′′ (16 cases).
Finally, the remaining 83 pairs are divided into the following four grades. This step is necessary because we have adopted a relatively large matching radius between radio and optical sources (1.8 ′′ ) when compared with the pair separation (≤5 ′′ ).
Grade A: Both optical sources are well enclosed by the radio structure and are clearly associated with a discrete radio source (i.e., "secure optical IDs"). In such cases, the PA between the optical IDs is well aligned with that of the radio structure (i.e., "aligned PAs") (22 cases).
Grade B: Secure optical ID and aligned PAs, but the radio morphologies suggest that one of the optical components could be either a projected source within the radio lobe generated by the primary component or emissionline gas ejected by the radio outflow. Projected pairs are a significant concern because of the high source density of the deep co-added SDSS images. On average, ∼36% of optical sources in the SDSS co-adds would have a nearby optical source within 5 ′′ . However, we note that there is no clear boundary between grade A and B and the separation is quite subjective (30 cases).
Grade C:
One of the optical IDs shows significant offset from the corresponding radio sources. But the optical and radio PAs are aligned (13 cases).
Grade D:
Offset optical IDs as in grade C, but the PAs are misaligned (18 cases).
We consider grade C and D sources as misidentified optical IDs (see Fig. 2 for examples), and grade A and B sources as candidate binary radio AGNs (see Figs. 3 and 4) . The properties of these candidates are tabulated in Tables 1 and 2 .
In summary, using the VLA-Stripe82 survey and the depthoptimized SDSS co-adds, we could place a strict upper limit on the surface density of binary radio AGNs with 1.8
Although excluded from this study, grade C and D pairs are also interesting because one of the galaxies could be experiencing harassment from the radio outflow of the neighboring galaxy, if they are at the same redshift.
3. OPTICAL SPECTROSCOPY Spectroscopy is useful to measure the redshifts and to determine the nature of the radio sources. Here we have obtained optical spectra for the radio sources from the SDSS and our own Keck program. Spectroscopic redshifts of the candidate binaries are included in Tables 1 and 2 . We obtained spectroscopy for both components for eight candidate binaries (5 grade A's and 3 grade B's). Two out of the eight candidates turned out to be projected pairs (i.e., the optical IDs are at widely different redshifts; 2302−0003 and 2318+0045), and the other six are all confirmed mergers with radial velocity separations less than 140 km s −1 and projected physical separation between 4 kpc < Sep < 12 kpc. Properties of these confirmed pairs are listed in Table 3 , and their spectra are shown in Figure 5 .
SDSS Spectroscopy
We cross-matched the radio sources' optical IDs with the SDSS DR10 spectroscopic catalog (SpecObj-dr10.fits). The DR10 catalog includes spectra from SDSS I, II and III, including the SDSS-I and II Legacy Surveys, SEGUE1, SEGUE2 and BOSS. We use a matching radius of 1.0 ′′ , ∼ 2× smaller than that used in matching the radio catalog with the photometric catalogs. 2,622 radio sources have SDSS spectra. Although the spectroscopic redshifts range from −0.004 to 4, 75% of the sources are at z < 0.6 and the median redshift is z = 0.37.
Because two fibers on the same plate can not be placed closer than 55 ′′ and 65 ′′ for SDSS and BOSS, respectively, pairs of galaxies with small angular separations would suffer from incompleteness due to fiber collisions (Blanton et al. 2003; Dawson et al. 2013 ), unless they are in overlapping regions of different plates. So we expect only a small fraction of the pairs in our sample have SDSS spectroscopy for both components. Indeed, only 4 out of the 44 candidate binaries have SDSS spectra for both components (Fig. 5) . Among those, two binaries overlap with the binary AGN sample selected from spectroscopically identified AGNs within SDSS DR7 (0051+0020 and 2206+0003; Liu et al. 2011 ). The other two, 0134−0107 and 2300−0005, are not in their sample because their optical emission comes almost entirely from old stellar populations without detectable emission lines. As we will show, galaxies in the latter pairs are bona fide radio AGNs.
Keck LRIS Spectroscopy
We obtained longslit spectroscopy during part of 2011 Oct 23 (UT) with the Low Resolution Imaging Spectrometer (LRIS; Oke et al. 1995) on the Keck I telescope. We used the 600/4000 Grism in the blue, the 400/8500 grating in the red, and the 560 Dichroic. The central wavelength of the grating was 8000 Å, so that the blue and red spectra overlap between 5595 and 5810 Å, and the full wavelength range is from 3100 Å to 1 µm. The 1.5 ′′ -wide longslit was used throughout the night. With the chosen dispersive elements, the spectral resolutions in FWHM are ∼6 Å and ∼10 Å for the blue and red spectra, respectively. The integration times ranged from 10 min to 30 min. The seeing was highly variable: the CFHT/DIMM's measurements ranged from 0.3 ′′ to >2
′′ with a mean around 1.5 ′′ . The spectrophotometric standard star BD+28 4211 was observed at the beginning of the night for flux calibration.
We reduced the raw data with the XIDL code 7 written and maintained by J. X. Prochaska, J. Hennawi, and others. The XIDL/Low-Redux pipeline follows the standard data reduction steps and reduces the blue and red channels separately. It begins by subtracting a super bias from the raw CCD frames, tracing the slit profiles using flat fields, and deriving the 2D wavelength solution for each slit using the arcs. Then it flatfields each slit and rejects cosmic-rays, identifies objects automatically in the slit, and builds the 2D bspline super sky model. No rectification is performed to avoid interpolations. Before and after subtracting the super sky model, we extract 1D spectra from each object using a top hat profile that follows the continuum trace of the object itself or that of the brightest source on the slit if the object is too faint. Finally, instrument flexure is removed by tweaking the wavelength array of the extracted 1D spectra using isolated sky lines, and a sensitivity function is derived from the extracted standard star spectra and is applied to the science spectra.
Seven candidate binaries were selected for Keck spectroscopy. The LRIS sample included 2 grade A candidates (2232+0012 and 2300−0005), 4 grade B candidates (0152−0010, 2220+0058, 2302−0003, and 2318+0045), and 1 grade D pair (2252+0106, which is shown in the lower left panel in the grade D examples in Fig. 2 ). All pairs are spatially resolved except 0152−0010, for which we were only able to measure the spectroscopic redshift for the brighter component, 015253.79−001005.6. Six of 13 resolved sources covered by LRIS already have SDSS spectra, and they are consistent with the LRIS spectra with similar S/N; so we have obtained new optical spectra for 7 radio sources.
The LRIS spectra of the grade D pair, 2252+0106, shows that it is a merging pair of a red elliptical and a tidally distorted star-forming galaxy at z = 0.072. We do not discuss it further because of its lowered grade. A scaled sky spectrum is plotted in green at the bottom of each subfigure. For each spectrum, the corresponding radio source's designation is labeled, along with the spectroscopic redshift determined from stellar absorption features. The spectra for two pairs (2220+0058 and 2232+0012) are from Keck/LRIS, and the rest are from the SDSS. The SDSS spectra are labeled with the plate number, the Modified Julian Date (MJD), and the fiber ID on the top right.
For the SDSS spectra, we adopt the emission line measurements from the Portsmouth group 8 (Thomas et al. 2013 ). The measurements are based on public codes Penalized PixelFitting (pPXF; Cappellari & Emsellem 2004) and Gas AND Absorption Line Fitting (GANDALF; Sarzi et al. 2006 ). Stellar population templates and Gaussian emission lines are fit simultaneously to separate stellar continuum and emission/absorption lines from ionized gas. Dust-extinction correction is applied to both the stellar continuum and the emission lines. The same decomposition method is applied for the Keck/LRIS spectra. The emission line fluxes and their upper limits are corrected for fiber/slit aperture losses using the difference between r-band spectrum-synthesized magnitude and the Petrosian (1976) magnitude from the r-band image.
Out of the 2,629 radio sources with optical spectra, 1,386 are between 0 < z < 0.4. We now discuss the properties of this subsample because we could measure Hα fluxes, which is critical to classify the sources based on the Baldwin et al. (1981) diagram ("BPT diagram") involving the [N II]/Hα ratio (Fig. 6 ) and the radio power vs. Hα luminosity diagnostic 8 https://www.sdss3.org/dr10/spectro/galaxy_portsmouth.php diagram of (Fig. 7) . The BPT diagrams involve ratios of strong emission lines that are sensitive to ionizing spectra and gas metallicity but are insensitive to dust extinction. They have been widely used to distinguish between different ionization sources (e.g., Kewley et al. 2001; Kauffmann et al. 2003; Kewley et al. 2006 ): e.g., starforming regions, AGNs, and shocks or post-asymptotic giant branch stars (e.g., Yan & Blanton 2012) .
After dust-extinction and aperture loss correction, the Hα luminosity should be a good tracer of the total SFR. It thus can be used to predict the expected radio power from star formation alone (e.g., Murphy et al. 2013 ) because of the empirical IR-radio correlation of starforming galaxies (Helou et al. 1985; Yun et al. 2001) . Any significant excess in the observed radio power would indicate AGN activity. As shown in Fig. 7 , most of the star-forming galaxies classified based on the BPT diagram (Fig. 6 ) have radio-derived SFRs less than 10× the Hα-derived SFRs. So we consider sources above the dotted line as radio-excess AGNs. Note that sources below the dotted line could still be AGNs, but they are radio-normal.
We find that 82 of the 1,386 radio sources (6%) are type-1 AGNs with broad emission lines ("AGN1"), 247 (18%) Kauffmann et al. (2003) , and the solid line is the theoretical maximum starburst line of Kewley et al. (2001) . These demarcation lines separate the sources into starforming galaxies, AGN-starforming composites, and AGNs. The grey-scale background image shows the distribution of the SDSS DR8 emission-line galaxies. The blue points are the radio sources in the VLAStripe82 survey that show detectable optical emission lines. The red open circles with error bars show the 7 emission-line galaxies in the six spectroscopically confirmed grade A and B candidates (Table 3) . Figure 7. Rest-frame 1.4 GHz radio power vs. Hα luminosity. The Hα luminosities have been corrected for dust-extinction and aperture loss. Top and right axes indicate the implied SFRs using the calibrations of Murphy et al. (2013) . The solid line shows the empirical selection criterion for radio-excess AGNs , which is similar to requiring that the observed radio power is 10× beyond what is expected from the Hα-traced SFR. Gray points and arrows show the radio sources in the VLA-Stripe82 survey at z < 0.4. Starforming galaxies classified using the BPT diagram in Fig. 6 are highlighted in blue. Most of these starforming galaxies lie below the dotted line, so we classify sources above the dotted line as radio-excess AGNs. Sources below the dotted line are radio-normal, and they could be either AGNs or starforming galaxies. The red open circles with error bars are the 12 galaxies in the six spectroscopically confirmed grade A and B candidates (Table 3) .
are type-2 Seyferts/LINERs ("AGN2"), 209 (15%) are AGNstarforming composite galaxies ("Comp"), 663 (48%) are dominated by old or intermediate-age stellar populations with weak or undetectable emission lines ("Passive"), and only 185 (13%) are starforming galaxies ("SF"). Excluding the passive sources, 26% of the radio sources are starforming galaxies. In contrast, ∼50% of the SDSS emission line galaxies are classified as starforming galaxies using the same BPT diagram. The AGN fraction of the radio-selected galaxies is extremely high. We find that 96% of the Passive sources, which we cannot classify using the BPT diagram, are radio-excess AGNs, because their radio power is 10× greater than that expected from the level of star-forming activity traced by the Hα luminosity (Fig. 7) . If we count AGN1, AGN2, Comps, and the radio-excess Passive sources all as AGNs, then the AGN fraction of our radio sample at z < 0.4 is ∼85%.
The diverse spectroscopic properties and high AGN fraction of our radio-selected sample are consistent with previous results from the SDSS and FIRST surveys (e.g., Vitale et al. 2012) and deep multi-wavelength extragalactic surveys (e.g., AGES, Hickox et al. 2009 ).
Spectroscopically Confirmed Pairs
Now we focus on the 6 Grade A and B candidates that are spectroscopically confirmed pairs (Table 3) . These sources are plotted as open red circles with error bars in Figs 6 and 7. Seven of the 12 galaxies in these pairs show detectable emission lines, and their line ratios indicate that they are either SF-AGN composites or AGN2s (Fig. 6) . Except the source with the weakest emission lines (013412.78−010729.6), the observed Hα equivalent widths (W Hα ) are all significantly greater than 3 Å, placing them safely above the "retired galaxies" on the WHAN diagram (Cid Fernandes et al. 2011) . But as Fig. 7 shows, 013412.78−010729.6 is an radio-excess AGN because its Hα luminosity is too low in comparison to its radio power. In Table 3 we tabulate the emission line ratios of the seven sources along with their BPT classifications and Hα equivalent widths.
The optical emission from the other five galaxies arises from old stellar populations, and the 3σ luminosity upper limits of the undetected Hα lines are insufficient to explain the high radio power, suggesting that they are radio-excess AGNs (Fig. 7) . Combining the above two AGN diagnostics, we find that all of the galaxies in the six confirmed mergers host active nuclei, making them compelling candidates for binary radio AGNs similar to SDSS J150243.1+111557 (Fu et al. 2011; Wrobel et al. 2014) . It is not surprising to find that all of the confirmed pairs are binary AGNs, given the high AGN fraction (∼85%) of the radio-selected sample (see the previous subsection).
SUMMARY AND DISCUSSION
We have developed a technique to identify kpc-scale binary AGNs with high-resolution wide-area radio surveys. Using the public VLA 1.4 GHz survey of ∼92 deg 2 of the SDSS Stripe 82 field, we identified 22 grade A and 30 grade B candidate binary AGNs. With SDSS and Keck spectroscopy, five out of five (100%) grade A candidates and one out of three (33%) grade B candidates are confirmed to be binary AGNs. Two of the three grade B candidates are projected pairs. The radio-detected galaxies in these candidates are classified as AGNs based on either excess in radio luminosity relative to Hα luminosity or optical emission-line ratios that are diagnostics of the photo-ionizing source. We have started a follow-up campaign to obtain complete spectroscopic coverage for the remaining 44 candidates. Based on current results, we expect to confirm a total of ∼30 binary AGNs among the 52 candidates. Such a high success rate is expected thanks to the high AGN fraction of the radio-selected sample.
One of the main science questions to be addressed with a binary AGN sample is whether the AGN duty cycle is elevated during interactions. Our previous adaptive-optics and integral-field spectroscopy survey of a particular subsample of SDSS AGNs, the double-peaked [O III] AGNs, showed that the AGN duty cycle could be ∼ 15× higher in kpc-scale mergers than the average ∼1% level. Because we confirmed 4 binary AGNs out of the 26 double-peaked AGNs that are also kpc-scale mergers. The quoted ∼1% average duty cycle is for black holes of M BH 2 × 10 6 M ⊙ at z ∼ 0.2 with an Eddington ratio of λ = L bol /L Edd ∼ 0.4 (Shankar et al. 2009 (Heckman et al. 2004) . This result supports the notion that mergers could induce SMBH accretion by funneling gas deep into the nuclei. Furthermore, it is also consistent with recent simulations (e.g., Van Wassenhove et al. 2012) , which showed that black hole accretion in a 2:1 gas-rich merger are not synchronized, instead, the simulated pair can be observed as a binary AGN only in 16% of the time when either SMBH is an AGN (i.e., L bol > 10 44 erg s −1 ) at a separation less than 10 kpc. Is the duty cycle of radio-mode accretion also elevated by galaxy interactions? We can make a rough estimate of the expected number of radio-loud binary AGNs by adopting the observed merger fraction of normal galaxies and the duty cycle of radio-loud AGNs. Given the ∼85% AGN fraction of the spectroscopic subsample ( § 4.1), the entire VLA-Stripe82 catalog contains 15,000 AGNs. This is a strict upper limit because we have not removed extended sources that were split by the source-detection algorithm. Combining the local SMBH mass function of Shankar et al. (2004) and the observed luminosity-and mass-dependent radio-loud fraction of , we estimated a radio-loud duty cycle of ∼1% for SMBHs more massive than 10 6 M ⊙ and above the luminosity limit of our AGN sample (L 1.4GHz > 10 22 W Hz −1 ). The lower limit of the SMBH mass corresponds to a stellar bulge mass of 7 × 10 8 M ⊙ (Häring & Rix 2004) , which is the mass limit of the SDSS survey at z < 0.1. Assuming that ∼5% of the radio AGNs are in kpc-scale mergers (as for normal galaxies; Hopkins et al. 2010) , and adopting the radioloud duty cycle of ∼1%, we would expect to find at most ∼7 binaries. Suppose that we do confirm ∼30 binary AGNs, the simple estimate above shows that either the duty cycle or the merger fraction is underestimated by a factor of ∼4. Clearly, we need an independent determination of the merger fraction among radio-selected AGNs to break this degeneracy and obtain a reliable estimate of the duty cycle of radio-mode accretion in galaxy mergers.
Our search of radio-selected binary AGNs complements binary searches in X-ray (e.g., Koss et al. 2012) , optical (e.g., Comerford et al. 2009; Liu et al. 2011 ), or IR (e.g., Tsai et al. 2013 , because the majority of radio-selected AGNs show different properties from AGNs selected at other wavelengths (e.g., Best et al. 2007; . Hickox et al. (2009) found that radio-selected AGNs at z < 0.8 primarily inhabit luminous red-sequence galaxies in massive (∼ 4 × 10 13 M ⊙ ) dark matter halos. Their accretion rates are lower than X-ray-selected and IR-selected AGNs, with Eddington ratios of λ 10 −3 . It has been suspected that the progenitors of radio-selected AGNs live in the most massive halos at z 4. Their host galaxies have gone through intense growth phases as merger-triggered starburst galaxies and quasars at z ∼ 2. At the observed epoch (z < 0.8), star formation in the host galaxies has long ceased and the central black holes are presumably accreting hot halo gas in a radiatively inefficient mode (e.g., Allen et al. 2006) . Therefore, our radio search is sensitive to accreting black holes at a different evolutionary stage, in a different population of host galaxies, and in different galactic environments (e.g., Best et al. 2007) , when compared to X-ray/Optical/IR-selected binaries.
The major advantages of using high-resolution radio imaging to find binary AGNs are: (1) radio emission is free of dust obscuration, and (2) the relatively fast survey speed (at 1.4 GHz, each pointing of the VLA covers 0.25 deg 2 with an angular resolution of 1.4 ′′ ). Looking ahead, our method will be able to identify thousands of kpc-scale binary AGNs, as high-resolution radio surveys of even wider areas become available, e.g., the VLA 3 GHz survey of the entire 300 deg 2 Stripe 82 (Mooley et al. 2014) , the 10,000 deg 2 VLA Sky Survey (VLASS 9 ), and eventually an all sky survey with the Square Kilometer Array (SKA 10 ).
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Facilities: VLA, Keck:I (LRIS), Sloan Note. -Every two lines is a pair. Column 1: J2000 coordinate of the radio source; Column 2: 1.4 GHz peak flux density in mJy bm −1 ; Column 3: 1.4 GHz integrated flux density in mJy. Column 4: J2000 coordinates of the identified optical counterpart; Column 5: Angular separation between the optical counterparts in each pair; Columns 6−10: SDSS ugriz-band Petrosian magnitudes in AB system; Column 11: Spectroscopic redshift if available; Column 12: Instrument used to obtain the spectroscopic redshift.
Table 2
Grade B Candidate Binary Radio AGNs Radio Designation S peak 1.4
